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tor, a loop filter, an oscillator, a digital block and a frequency
divider. The PFD detects a phase difference between a
reference signal and a divided signal. The charge pump
generates a charge pump signal in response to the phase
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The noise canceller forms a shaped noise signal according to
the first and second digital signals, and eliminates the shaped
noise signal at the output of the noise canceller to generate
a noise cancelled signal. The accumulator accumulates the
noise cancelled signal. The loop filter filters the accumulated
signal. The oscillator provides an output oscillating signal 1n
response to the filtered signal.
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1
PHASE LOCK LOOP

This application claims the benefit of U.S. provisional
application Ser. No. 62/210,082, filed Aug. 26, 2015, the
disclosure of which 1s incorporated by reference herein 1n 1ts
entirety.

TECHNICAL FIELD

The disclosure relates 1n general to a phase lock loop
(PLL

BACKGROUND

Frequency-to-digital converter (FDC) based PLLs are
widely used n wireless communication systems because they
provide many ol the advantage of both analog and digital
PLLs. However, the circuit design of FDC based PLL faces
a trade ofl between noise suppression and bandwidth exten-
sion. For example, when a high resolution ADC 1s employed
to suppress the quantization noise component of the PLL’s
phase noise, the bandwidth of the PLL becomes narrow and
hard to be used 1n intermediate frequency (IF) application.

Therelore, there 1s a need to provide a PLL capable of
suppressing the quantization noise and extending the band-

width.

SUMMARY

The disclosure 1s directed to a PLL with a noise canceller.
The proposed PLL not only suppress the quantization noise
component of the PLL’s phase noise effectively, but also
extends the operation bandwidth.

According to one embodiment, a PLL 1s provided. The
PLL includes a phase frequency detector (PFD), a charge
pump, a capacitor coupled to the charge pump, an analog-
to-digital convertor (ADQO), a noise canceller, an accumu-
lator, a loop filter, an oscillator, a digital block and a
frequency divider. The PFD is for detecting a phase difler-
ence between a reference signal and a divided signal. The
charge pump, coupled to the PFD, 1s for providing a charge
pump signal. The capacitor 1s coupled to the charge pump.
The ADC, coupled to the capacitor, 1s for converting the
charge pump signal to a first digital signal, and quantizing
the first digital signal to a second digital signal. The noise
canceller, coupled to the ADQO, 1s for forming a shaped noise
signal according to the first and second digital signals, and
climinating the shaped noise signal at the output of the noise
canceller to generate a noise cancelled signal. The accumu-
lator, coupled to the noise canceller, 1s for accumulating the
noise cancelled signal to output an accumulated signal. The
loop filter, coupled to the accumulator, 1s for outputting a
filtered signal 1n response to the accumulated signal. The
oscillator, coupled to the loop filter, 1s for providing an
output oscillating signal in response to the filtered signal.
The digital block, coupled to the ADC, 1s for converting the
second digital signal to a divider modulus control signal.
The frequency divider, coupled to the oscillator and the
digital block, 1s for dividing the frequency of the output
oscillating signal according to the divider modulus control
signal to generate the divided signal.

According to another embodiment, a PLL 1s provided.
The PLL includes a PFD, a charge pump, a capacitor, an
ADC, a noise canceller, an accumulator, a loop filter, an
oscillator and a frequency divider. The PFD is for detecting
a phase difference between a reference signal and a divided
signal. The charge pump, coupled to the PFD, 1s for pro-
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2

viding a charge pump signal. The capacitor 1s coupled to the
charge pump, wherein the voltage on the capacitor resets to
an 1nitial value every operating cycle 1n response to a reset
signal. The ADC, coupled to the capacitor, 1s for converting,
the charge pump signal to a first digital signal, and quan-
tizing the first digital signal to a second digital signal. The
noise canceller, coupled to the ADC, 1s for forming a shaped
noise signal according to the first and second digital signals,
and eliminating the shaped noise signal at the output of the
noise canceller to generate a noise cancelled signal. The
accumulator, coupled to the noise canceller, 1s for accumu-
lating the noise cancelled signal to output an accumulated
signal. The loop filter, coupled to the accumulator, 1s for
outputting a {filtered signal in response to the accumulated
signal. The oscillator, coupled to the loop filter, 1s for
providing an output oscillating signal 1in response to the
filtered signal. The digital block, coupled to the ADC, 1s for
converting the second digital signal to a divider modulus
control signal with a z-domain transfer function of 1. The
frequency divider, coupled to the oscillator and the digital
block, 1s for dividing the frequency of the output oscillating
signal according to the divider modulus control signal to
generate the divided signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a simplified block diagram of a PLL

according to an embodiment of the present invention.

FIG. 2 shows a block diagram of a PLL according to an
embodiment of the present invention.

FIG. 3 shows an equivalent model of the FDC.

FIG. 4 shows a block diagram of a PLL according to an
embodiment of the present invention.

FIG. 5 shows a block diagram of a PLL according to an
embodiment of the present invention.

FIG. 6 shows a block diagram of a PLL according to an
embodiment of the present invention.

In the following detailed description, for purposes of
explanation, numerous specific details are set forth 1n order
to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

DETAILED DESCRIPTION

Below, exemplary embodiments will be described 1in
detail with reference to accompanying drawings so as to be
casily realized by a person having ordinary knowledge 1n the
art. The mventive concept may be embodied 1 various
forms without being limited to the exemplary embodiments
set forth herein. Descriptions of well-known parts are omit-
ted for clarity, and like reference numerals refer to like
clements throughout.

FIG. 1 shows a simplified block diagram of a phase
frequency detector (PFD) 100 according to an embodiment
of the present invention. The PLL 100 includes a phase
frequency detector (PFD) 102, a charge pump 104, a capaci-
tor 106 coupled to the charge pump 104, an analog-to-digital
convertor (ADC) 108, a noise canceller 110, an accumulator

112, a loop filter 114, an oscillator 116, a digital block 118
and a frequency divider 120. The PLL 100 can be a
frequency-to-digital converter (FDC) based PLL. The FDC
part of the PLL 1s denoted as block 10 1n the figure, which
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includes the PFD 102, the charge pump 104, the capacitor
106, the ADC 108, the digital block 118 and the frequency

divider 120.

The PFD 102 detects a phase difference S, between a
reference signal S, .~ and a divided signal S,,,;.. The charge
pump 104, coupled to the phase frequency detector 102,
provides a charge pump signal S, 1n response to the phase
difference S,.,. The ADC 108, coupled to the capacitor
106, converts the charge pump signal S, .., to a first digital
signal S,, and quantizes the first digital signal S, to a second
digital signal S..

The noise canceller 110, coupled to the ADC, extracts a
shaped noise signal according to the first and second digital
signals S, and S,, and eliminates the shaped noise signal at
the output of the noise canceller 110 to generate a noise
cancelled signal S,. In one embodiment, the noise canceller
110 may perform noise shaping to a difference between the
second digital signal S, and a scaled first digital signal to
obtain the shaped noise signal.

The accumulator 112 may accumulate the noise cancelled
signal S, and passes the result to the loop filter 114. As
shown 1 FIG. 1, the accumulator 112, coupled to the noise
canceller 110, may accumulate the noise cancelled signal S,.
to output an accumulated signal S , .. The loop filter 114,
coupled to the accumulator 112, then outputs a filtered signal
S~ 1n response to the accumulated signal S ,... The
oscillator 116, coupled to the loop filter 114, may provide an
output oscillating signal S, 1n response to the filtered
signal S.,-. The oscillator 116 can be, for example, a
digitally controlled oscillator (DCO).

The digital block 118, coupled to the ADC 108, converts
the second digital signal S, to a divider modulus control
signal S,.. The frequency divider 120, coupled to the oscil-
lator 116 and the digital block 118, divides the frequency of
the output oscillating signal S;. according to the divider
modulus control signal S;- to generate the divided signal
S, For a 2" order FDC PLL structure, the digital block
118 can be implemented by a digital circuit whose z-domain
transfer function is 2-z~', where z is a complex number.
Given that the i”” ADC sample for the second digital signal
S, 1s S,[1] and the corresponding value of the divider
modulus control signal S, is S,[i], the i”” divider modulus of
the frequency divider 120 1s N-S,]1], where N 1s an integer,
and S,[1]=2S,[1]-S,[1-1].

FIG. 2 shows a block diagram of a PLL 100_1 according
to an embodiment of the present invention. The illustrated
PLL 100_1 1s an example of the PLL 100 shown i FIG. 1,

which 1s mtended to exemplify, but not to limait, the present
invention.

The ADC 108 includes an M-bit ADC 202 and an M-bit
to K-bit quantizer 204, where K and M are integers and K
1s less than or equal to M. The M-bit ADC 202 may covert
the charge pump signal S, to the first digital signal S, with
a resolution of M-bit. Then, the M-bit to K-bit quantizer 204,
coupled to the M-bit ADC 202, may quantize the first digital
signal S, to the second digital signal S, with a resolution of
K-bit. Accordingly, the first digital signal S, can be regarded
as a digital signal with M-bit resolution, and the second
digital signal S, can be regarded as another digital signal
with K-bit resolution. The M-bit to K-bit quantizer 204 can
be a delta-sigma modulator (DSM) or a truncater.

In general, the noise introduced by the FDC 10 1s mainly
contributed by the quantization noise of the ADC 108. It 1s
known that the higher resolution of the ADC 108 may lower
the quantization noise. However, 1n order to meet the range
limitation of the divider modulus of the frequency divider
120, the ADC 108 needs to provide a lower resolution
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4

output, e.g., the second digital signal S,, to effectively adjust
the divider modulus, and this means that the quantization
noise of the ADC 108 will be significantly increased. To
address this 1ssue, the ADC 108 may employ a high reso-
lution ADC, e.g., the M-bit ADC 202, to suppress the
quantization noise, and utilizes a low resolution quantizer,
¢.g., the M-bit to K-bit quantizer 204, to provide the lower
resolution output for the frequency divider 120. Even though
the quantization noise introduced by the low resolution
quantizer, e.g., the M-bit to K-bit quantizer 204, may be
significant, 1t can be cancelled by the noise canceller 110.
Thus, the quantization noise component of the PLL 100_1"s

phase noise can be significantly reduced, and the bandwidth
of the PLLLL 100 1 can then be widened.

The noise canceller 110 includes an adder 206, a scalar
208, a first subtractor 210, a noise shaping block 212 and a
second subtractor 214. The adder 206, coupled to the ADC
108, may add a frequency control parameter ¢ into the
second digital signal S, to generate an added signal S,',
wherein the frequency control parameter a 1s corresponding
to the fractional part of the frequency multiplication of the
output oscillating signal S, For example, given that the
frequency of the reference signal S,.. 1s F,,., then the
frequency of the output oscillating signal S, can be
expressed as follows:

(eql)

where F ;- 1s the frequency of the output oscillating
signal S, (N+a) 1s the frequency multiplication of the
output oscillating signal S,,,~ and N and o are integral and
fractional parts of the frequency multiplication, respectively.

The scalar 208, coupled to the ADO 108, may scale the
first digital signal S, to generate the scaled first digital signal
S,'. In one embodiment, the scaled first digital signal S,' can
be obtained by scaling the first digital signal S, by a ratio of
A,/A,, wherein A, 1s the step size of the M-bit ADC 202, and
A, 1s the step size of the M-bit to K-bit quantizer 204.

The first subtractor 210, coupled to the scalar 208 and the
ADC 108, may subtract the scaled first digital signal S/
from the second digital signal S, to generate a difference
signal S,.

The difference signal S, can be deemed as the quantiza-
tion error ntroduced by the M-bit to K-bit quantizer 204.
Thus, any circuit/structure capable of extracting the quan-
tization error of the M-bit to K-bit quantizer 204 1s appli-
cable for the obtaining of the difference signal S,,. For
example, if the M-bit to K-bit quantizer 204 1s a M-bit to
K-bit truncater, the difference signal S,, can be obtained by
extracting the last K bits of the output of the M-bit ADC 202.

The noise shaping block 212, coupled to the first subtrac-
tor 210, may perform noise shaping on the difference signal
S, to form the shaped noise signal S.

The second subtractor 214, coupled to the adder 206 and
the noise shaping block 212, may subtract the shaped noise
signal S, from the added signal S,' to output the noise
cancelled signal S;, but the present invention 1s not limited
thereto. In one embodiment, the second subtractor 214 can
be disposed at output node of the accumulator 112 to
subtract the shaped noise signal S, from the output of the
accumulator 112.

For better 1llustration of the noise cancellation operation
of the noise canceller 110 under the 2”¢ order FDC PLL
structure, related quantization noises at nodes N1 to N6 are
approximately modeled as follows, under certain conditions
where the frequency i1s out of the bandwidth of the FDC PLL

or the FOG 1s open-looped (given that the z-domain transter

Four=N+a)Fprp,
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functions of the noise shaping block 212 and the digital
block 118 are (1-z7")* and (2-z"), respectively):

On1=—0z 240y (=227 42 ) (1-2 )+Qy (=22 4z

240, (€q2)
Ona==02" 2405 (127 P+ Q- (1-271)° (eq3)
On3=0>(1-27") (eq4)
Ona=0>(1-271)° (eq5)
Ons=0x(1-z7 ' Y+0(1-271)° (eq6)
One=0r(1-27")° (eq7)

where Q,, to Q,, are modeled quantization noises at
nodes N1 to N6, respectively, Q, 1s the quantization noise of
the M-bit ADC 202, and Q, 1s the M-bit to K-bit quantizer
204. As can be seen form the equations eqS and eqgb6, the
modeled quantization noise Q,, only contains a ), term,
which 1s shaped the same as the Q, term 1n Q... Thus, after
subtraction, the Q2 term can be cancelled at the output of the
noise canceller 110, and the quantization noise introduced
by the B-bit to K-bit quantizer 204 can then be eliminated.
At this time, the output quantization noise of the noise
canceller 110 1s only dominated by the M-bit ADC 202, as
shown 1n equation eq’/, and can be significantly reduced by
improving the resolution of the M-bit ADC 202.

FIG. 3 shows an equivalent model of the FDC 10, given
that the z-domain transfer function of the digital block 118
is 2—z '. Given that the frequency multiplication of the
output oscillating signal S, 1s (N+a), the equivalent
model of the FDC 10 can be remodeled into the one shown
in bottom side of the figure.

and the FDC 1s open-looped, where 15 1s the current of
the charge pump 104 and 1s the capacitance of the capacitor
106, the transfer function of the quantization noise of the
M-bit to K-bit quantizer 204 to the output of the FDC 10 can
be written as:

gz(l—flf. (4 %)
2

According to equations egq8 and eq9, the noise canceler
110 can then be implemented, wherein the transfer function
of the noise shaping block 212 i1s chosen the same as the
equation eq9.

In some cases, the current of the charge pump 104, the
capacitance of the capacitor 106, the resolution of the M-bit
ADC 202 and/or the resolution of the M-bit to K-bit quan-
tizer 204 may vary in response to the temperature and/or
process variation. Thus, in some embodiments of the present
invention, a background calibrator 1s employed to compen-
sate for the variations, such that the equation eg8 1s tenable
for any sample time.

FIG. 4 shows a block diagram of a PLL 100_2 according
to an embodiment of the present invention. Compared to the
previous embodiments, the PLL 100_2 further includes a
background calibrator 402.

The background calibrator 402, coupled to the noise
canceller 110, may adjust the component parameter of any
one component 1n the FDC 10 (e.g., the charge pump 104,
the capacitor 106, the M-bit ADC 202 and the M-bit ADC
202), such that the correlation of the shaped noise signal S,
and the noise cancelled signal S approaches to zero. The
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6

component parameters may include, for example, the charge
pump current I .., the capacitance C of the capacitor 106, the
resolution of the M-bit ADC 202 and the resolution of the
M-bit to K-bit quantizer 204. For example, the background
calibrator 402 may adjust the capacitance of the capacitor
106 such that the correlation of the shaped noise signal S,
and the noise cancelled signal S, approaches to zero.

-

I'he zero correlation between the shaped noise signal S,
and the noise cancelled signal S;-means that the output of the
noise canceler 110, 1.e., the noise cancelled signal S, has no
information of the quantization noise of the M-bit to K-bit
quantizer 204 within 1t. In such case, the equation eg8 1is
tenable, so that the noise canceller 110 performs the noise
cancellation operation eflectively.

The background calibrator 402 includes a multiplier 404,
an integrator 406 and a low pass filter (LPF) 408. The
multiplier 404, coupled to the noise canceller 110, receives
the shaped noise signal S, and the noise cancelled signal S5
and multiplies them to generate a multiplied result MR. The
integrator 406, coupled to the multiplier 404, integrates the
multiplied result S, , to obtain a correlation result CR of the
shaped noise signal S, and the noise cancelled signal S;. The

LPF 408, coupled to the integrator 406, filters the correlation
result CR to generate a calibration signal S, to adjust the
one or more component parameters. For example, the
capacitance C of the capacitor 106 may change 1n response
to the calibration signal S, until the correlation of the
shaped noise signal S, and the noise cancelled signal S,
reaches to zero, such that the equation eg8 1s tenable.

In another embodiment, the LPF 408 can be omuitted. In
this situation, the background calibrator 402 may adjust the
component parameters (e.g., the capacitance C of the capaci-
tor 106) directly with the correlation result CR.

In yet another embodiment, the background calibrator 402
may calibrate the component parameter(s) according to the
difference between the output values of the M-bit ADC 202
obtained at different time instances. Specifically, by using
equation €q8, the output value of the M-bit ADC 202 at a
first time 1nstance can be written as:

- Icp (eq 10)

“Th; T Fref(N +@)-2° -y

where T_ 1s the phase diflerence between the reference
signal S, .~ and the second digital signal S,, and 1 1s the
mismatch caused by the component parameter(s).

The output value of the M-bit ADC 202 at a second time
instance can be written as:

; fep N N -V, N+« ] (EC_[].].)
*CA, LFref(N+a) Fref(N+a)
I
S [T.-Fref(N +a)-28 + (=V, —a)-25] -4
CA,

And, the difference between equations eql0 and eql] can
be written as (=V, —a)-:2%.

Since V., and o are known parameters, the mismatch of
the component parameter(s), 1, can then be obtained. The
Obtained mismatch information can be provided to the
background calibrator 402 to perform subsequent calibration

operations.
FIG. 5 shows a block diagram of a PLL 100_3 according
to an embodiment of the present invention. The PLL 100_3
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1s similar to the previous embodiments, except that the PLL
100_3 is specific to a 1°° order FDC PLL structure. The PLL
100_3 can be implemented with/without the background
calibrator 402.

Compared to the 2¢ order FDC PLL structure, in PLL
100_3, the z-domain transier functions of the digital block
118 and the noise shaping block 212 are 1 and (1-z7),
respectively. Further, the voltage on the capacitor 106 may
reset to an 1mnitial value every operating cycle in response to
a reset signal RESET. Thus, the transier function of the
capacitor 106 can be changed to 1/C.

For better 1llustration of the noise cancellation mechanism
of the PLL 100_3, related quantization noises at nodes N1 to
N6 can be approximately modeled as follows, under certain

conditions where the frequency is out of the bandwidth of
the FDC PLL or the FDC 1s open-looped:

Oni'=—az” #4050 (-1271) (eq12)
On>% =0z V2405 (1-z7H+ Q0 -(1-z71)? (eql3)
On3'=0> (eq14)
Ona'=0(1-27") (eql5)
Ons'=0r(1-z )40 (1-27) (eq16)
One'=0Q(1-27") (eql7)

where Q. to Q.. are modeled quantization noises at
nodes N1 to N6 of the PLL 100_3, respectively. As can be
seen form the equations eql5 and eql6, the modeled quan-
tization noise Q,,' only remains a QQ, term, which 1s shaped
the same as the Q, term 1n Q... Thus, after subtraction, the
Q2 term can be cancelled at the output of the noise canceller
110, and the quantization noise introduced by the M-bit to
K-bit quantizer 204 can then be eliminated.

In some embodiments, the presented PLL may utilize a
phase interpolator to reduce the output quantization noise.

FIG. 6 shows a block diagram of a PLL 100_4 according
to an embodiment of the present invention. Compared to the
previous embodiments, the PLL 1002 further includes a
phase iterpolator 602. The PLL 100_4 can be implemented
with/without the background calibrator 402.

As shown 1n FIG. 6, the phase interpolator 602 1s coupled
to the digital block 118, for performing phase interpolation
on the divider modulus control signal S, to provide a phase
interpolated signal S;' to the frequency divider 120.

The transier function of the phase interpolator 602 can be
written as

1
K!‘

where K 1s a constant number, and the following equation 1s
tenable,

I p=(N+Q)F o nCA K. (eq18)

At this time, under certain conditions where the frequency
1s out of the bandwidth of the FDC PLL or the FDC 1s

open-looped, the output signal of the FDC 10 can be
expressed as follows:

(eq 19)

FDC out= -«
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where FDC_out 1s the output signal (e.g., the second
digital signal S,) of the FDC 10, H,; 1s the transfer function
of the digital block 118, and Q) 1s the quantization noise of
the ADC 108/M-bit to K-bit quantizer 204. As can be seen
from the equation eql9, due to the phase interpolator 602,
the signal transfer function (FDC_out/-a.) 1s K times more
than the one without using the phase interpolator 602, while
the noise transier the function (FDC_out/Q) still remains the
same. Thus, the quantization noise itroduced by the ADC
108 can be reduced.

Based on the above, the proposed PLL may employ a high
resolution ADC to suppress the quantization noise compo-
nent of the PLL’s phase noise and utilizes a lower resolution
quantizer to provide the lower resolution output for the
frequency divider. The quantization noise mtroduced by the
low resolution quantizer can be cancelled by the noise
canceller. Thus, the noise of the PLL can be significantly
reduced, and the operation bandwidth of the PLL can be
widened. Moreover, a background calibrator 1s employed to
compensate for the variations caused by the temperature
and/or process variation, such that the noise canceller works
cllectively.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed
embodiments. It 1s intended that the specification and
examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalents.

What 1s claimed 1s:

1. A phase lock loop (PLL), comprising:

a phase frequency detector (PFD), for detecting a phase
difference between a reference signal and a divided
signal;

a charge pump, coupled to the PFD, for providing a
charge pump signal;

a capacitor, coupled to the charge pump;

an analog-to-digital convertor (ADC), coupled to the
capacitor, for converting the charge pump signal to a
first digital signal, and quantizing the first digital signal
to a second digital signal;

a noise canceller, coupled to the ADC, for forming a
shaped noise signal according to the first and second
digital signals, and eliminating the shaped noise signal
at an output of the noise canceller to generate a noise
cancelled signal, wherein the noise canceller performs
noise shaping to a difference between the second digital
signal and a scaled first digital signal to form the shaped
noise signal;

an accumulator, coupled to the noise canceller, for accu-
mulating the noise cancelled signal to output an accu-
mulated signal;

a loop filter, coupled to the accumulator, for outputting a
filtered signal 1n response to the accumulated signal;
an oscillator, coupled to the loop filter, for providing an
output oscillating signal 1 response to the filtered

signal;

a digital block, coupled to the ADC, for converting the
second digital signal to a divider modulus control
signal; and

a frequency divider, coupled to the oscillator and the
digital block, for dividing the frequency of the output
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oscillating signal according to the divider modulus
control signal to generate the divided signal.

2. The PLL according to claim 1, wherein the first digital
signal 1s a digital signal with M-bit resolution, and the
second digital signal 1s another digital signal with K-bit
resolution, where K and M are integers and K 1s less than or

equal to M.

3. The PLL according to claim 1, wherein the ADC
COmMprises:

a M-bit ADC, for converting the charge pump signal to the

first digital signal with a resolution of M-bit; and

a M-bit to K-bit quantizer, for quantizing the first digital
signal to the second digital signal with a resolution of
K-bit, wherein K and M are integers and K 1s less than
or equal to M.

4. The PLL according to claim 3, wherein the M-bit to
K-bit quantizer 1s a delta-sigma modulator (DSM) or a
truncater.

5. The PLL according to claim 1, wherein the noise
canceller comprises:

an adder, coupled to the ADC, for adding a frequency
control parameter into the second digital signal to
generate an added signal, wherein the frequency con-
trol parameter 1s corresponding to a fractional part of a
frequency multiplication of the output oscillating sig-
nal;

a scalar, coupled to the ADC, for scaling the first digital
signal to generate a scaled first digital signal;

a first subtractor, coupled to the scalar and the ADC, for
subtracting the scaled first digital signal from the
second digital signal to generate a difference signal;

a noise shaping block, coupled to the first subtractor, for
performing noise shaping on the difference signal to
form the shaped noise signal; and

a second subtractor, coupled to the adder and the noise
shaping block, for subtracting the shaped noise signal
from the added signal to output the noise cancelled
signal.

6. The PLL according to claim 1, wherein the z-domain
transfer function of the noise shaping block is (1-z")*, and
the z-domain transfer function of the digital block is (2-z71),
where z 1s a complex number.

7. The PLL according to claim 1, wherein the z-domain
transfer function of the noise shaping block is (1-z7'), and
the z-domain transier function of the digital block 1s 1,
where z 1s a complex number.

8. The PLL according to claim 7, wherein the voltage on
the capacitor resets to an 1nitial value every operating cycle
in response to a reset signal.

9. The PLL according to claim 1, further comprising:

a background calibrator, coupled to the noise canceller,
for adjusting one or more component parameters of at
least one of the charge pump, the capacitor and the
ADC, such that a correlation of the shaped noise signal
and the noise cancelled signal approaches to zero.

10. The PLL according to claim 9, wherein the back-

ground calibrator comprises:

a multiplier, coupled to the noise canceller, for multiply-
ing the shaped noise signal and the noise cancelled
signal to generate a multiplied result;

an integrator, for integrating the multiplied result to obtain
a correlation result of the shaped noise signal and the
noise cancelled signal; and

a low pass filter (LPF), coupled to the integrator, for
filtering the correlation result to generate a calibration
signal to adjust the one or more component parameters.
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11. The PLL according to claim 1, further comprising:

a phase iterpolator, coupled to the digital block, per-
forming phase interpolation on the divider modulus
control signal to provide a phase interpolated signal to
the frequency divider.

12. A phase lock loop (PLL), comprising:

a phase frequency detector (PFD), for detecting a phase
difference between a reference signal and a divided
signal;

a charge pump, coupled to the PFD, for providing a
charge pump signal;

a capacitor, coupled to the charge pump, wherein the
voltage on the capacitor resets to an 1mitial value every
operating cycle 1n response to a reset signal;

an analog-to-digital convertor (ADC), coupled to the
capacitor, for converting the charge pump signal to a
first digital signal, and quantizing the first digital signal
to a second digital signal;

a noise canceller, coupled to the ADC, for forming a
shaped noise signal according to the first and second
digital signals, and eliminating the shaped noise signal
at an output of the noise canceller to generate a noise
cancelled signal;

an accumulator, coupled to the noise canceller, for accu-
mulating the noise cancelled signal to output an accu-
mulated signal;

a loop filter, coupled to the accumulator, for outputting a
filtered signal 1n response to the accumulated signal;

an oscillator, coupled to the loop filter, for providing an
output oscillating signal 1n response to the filtered
signal;

a digital block, coupled to the ADC, for converting the
second digital signal to a divider modulus control
signal with a z-domain transfer function of 1; and

a frequency divider, coupled to the oscillator and the
digital block, for dividing the frequency of the output
oscillating signal according to the divider modulus
control signal to generate the divided signal.

13. The PLL according to claim 12, wherein the first
digital signal 1s a digital signal with M-bit resolution, and the
second digital signal 1s another digital signal with K-bit
resolution, where K and M are 1ntegers and K 1s less than or
equal to M.

14. The PLL according to claim 12, wherein the noise
canceller performs noise shaping to a difference between the

second digital signal and a scaled first digital signal to form
the shaped noise signal.
15. The PLL according to claim 12, wherein the ADC
COmprises:
a M-bit ADC, for converting the charge pump signal to the
first digital signal with a resolution of M-bit; and
a M-bit to K-bit quantizer, for quantizing the first digital
signal to the second digital signal with a resolution of
K-bit, wherein K and M are integers and K 1s less than
or equal to M.
16. The PLL according to claim 12, wherein the noise
canceller comprises:
an adder, coupled to the ADC, for adding a frequency
control parameter into the second digital signal to
generate an added signal, wherein the frequency con-
trol parameter 1s corresponding to a fractional part of a
frequency multiplication of the output oscillating sig-
nal;
a scalar, coupled to the ADC, for scaling the first digital
signal to generate a scaled first digital signal;
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a first subtractor, coupled to the scalar and the ADC, for
subtracting the scaled first digital signal from the
second digital signal to generate a difference signal;

a noise shaping block, coupled to the first subtractor, for
performing noise shaping with a z-domain transier
function of (1-z") on the difference signal to form the
shaped noise signal; and

a second subtractor, coupled to the adder and the noise
shaping block, for subtracting the shaped noise signal
from the added signal to output the noise cancelled
signal.

17. The PLL according to claim 12, further comprising:

a background calibrator, coupled to the noise canceller,
for adjusting one or more component parameters of at
least one of the charge pump, the capacitor and the
ADC, such that a correlation of the shaped noise signal
and the noise cancelled signal approaches to zero.

5
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18. The PLL according to claam 17, wherein the back-

ground calibrator comprises:

a multiplier, coupled to the noise canceller, for multiply-
ing the shaped noise signal and the noise cancelled
signal to generate a multiplied result;

an 1ntegrator, for mntegrating the multiplied result to obtain
a correlation result of the shaped noise signal and the
noise cancelled signal; and

a low pass filter (LPF), coupled to the integrator, for
filtering the correlation result to generate a calibration
signal to adjust the one or more component parameters.

19. The PLL according to claim 12, further comprising:

a phase interpolator, coupled to the digital block, per-
forming phase interpolation on the divider modulus
control signal to provide a phase interpolated signal to
the frequency divider.
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